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® Water reducible coating compositions. 

© An aqueous dispersion of a tertiary amine terminated 
polyether and a carboxylic acid functional polymer. TIte 
tertiery amine terminated polyether is the product of the 
reaction of the epoxy group of an epoxy resin with the 
hydroxy group of a hydroxy functional tertiary amine and the 
carboxylic acici functional polymer is present in an amount 
sufTidem to render the combination water dispereible. 

A process for producing the aqueous dispersion is also 
ctoscribed, together with coating compositions based on the 
^ dispersion. These coating compositions are particularly 
^ useful in the lining of metal containers for food end 
^ beverages. 
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WATER REDUCIBLE COATING COMPOSITIONS 



This invention relates to an aqueous dispersion 
of a tertiary amine terminated polyether and a 
carboxylie acid functional polymer, a process for 

- ppoducine the sam«- an* eofiting^cbmpbsirions based on 
the aqueous dispersion of . polymer . The coating 

, eo;9postti9ns of this Invention 'are inter alia useful 

i.T.or lining, metal containers for f cod , beer and other 

..beverages.'. ... 

■ ; :. \ .?Po^y resins are generally regiirded as 

; pro. yi ding an excellent combination of properties ; 
offering good adhesion, flexibility and resistance to 
solvent and chemical attack. 

There is an increasing demand , worldwide , for 
low V.O.C. water reducible eoatlhg compositions to 
replace solvent based systems. CV.O.C. is the weight of 
organic solvent per unit voltime of solid coating, 
expressed in grams per litre]. Epoxy resins are 
hydrophobic in nature. Consequently, many attempts 
have been made to modify epoxy resins to make them 
water dispersible without loss of their desirable 
properties. These approaches have met with varying 
degrees of success. 

For example, EP 633*, BP 116225 and related 

t,each the grafting of an epoxy resin to a 

hydrophilic acrylic polymer containing carboxyl groups, 
by reaction between the epoxide groups of the epoxy 
resin and the carboxylie acid groups of the acrylic 
polymer. Thus the bonds linking the hydrophilic and 
hydrophobic components of the copolymer are ester 
bonds. This approach has the disadvantage that, in a 
water based coating composition, the ester bonds tend 
to hydrolyse , resulting in poor storage stability. 

British Patent Nos . 1 ,585,^86 and 1,585,<»87 
teach the approach of growing a hydrophilic acrylic 
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polymer containing carboxyl groups by free radical 
addition polymerisation, in the presence of a modified 
epoxy resin. The key to this approach is in the use of 
relatively high levels of a free radical initiator 
5 which has high hydrogen abstraction power (principally 
benzoyl peroxide ) ; this leads to ^the glraf ting 
acrylic polymer to the epoxy resin by chain transfer, 
bits apl^^^ the disadvantage that the ievel -of ; 

: grifting^ i^ low. Fiirthefmore V the'w^er 

10 based editing composition made by this approach has a 
^ ' iK^iatriveiy higih viscdslty for a^giyeii solids. 
' Yet a different approach is taught by 

U.S. 4,2^47,^39', WO 83/03613 and related patents. These 
patents teach the reaction of the residual epoxide 
15 groups of an epoxy resin with a tertiary amine, in the 
presence of water , to form a quaternary amine hydroxide- 
terminated polyether. The product of this reiaction is 
dispersed in water by Incorporating a blend of 
carboxylic acid functional polymers. This approach has 
20 the great disadvantage that it is cumbersome , and hence 
expensive , in that there are a relatively large number 
of intermediate products that go to make up the final 
product . 

According to the present invention there is 
25 provided an aqueous dispersion of a tertiary amine 
• ^ " "termi'hSted >6 and a carboxylic - acid functional - 

polymer wherein the tertiary amine terminated polyether 
is the product of the reaction of the epoxy group of an 
epoxy resin with the hydroxy group of a hydroxy 
30 functional tertiary amine and the carboxylic acid 

functional polymer is present in an amount sufficient 
to render the combination water dispersible. 

The invention also provides a process for 
producing this aqueous dispersion which comprises: 
35 a) reacting the epoxide groups of an 

epoxy resin with a hydroxy functional tertiary amine to 
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form a tertiary amine terminated polyether, and 

b) dispersing the tertiary amine 

terminated polyether in water with the aid of a 
carboxylic acid functional polymer in an amount 
5 sufficient to render the combination dispersible. 

T^'^r* further provided a coating composition 
. _,e9mprising a . stable, dispersion in water of: 
■:^:>■}.yHk^i.^l■ f \ v \ » tertiary .aminep terminate 

wBtch is in .ionic association wlXJa . ' ,~^?V: .1 

■yv^':r<.4'^.h , a polymer derived , atr l«aartflii :part , ^ 
:}-:^r(m :carhqxyl±c acid Cunctional .mpnompra and • . 
ill) a crosslinklng agent. 

It will be appreciated that, in practice, some 
unassociated polymer of type 1) and /or type 11) may 
15 also be present in the composition. 

An. ionically associated polymer coinplex is 
thought to result from an acid base relationship 
between the amine terminated polyether and the 
carboxylic acid containing polymer. The amine 
terminated polyether is formed by reacting the 1,2 
epoxide group of an epoxy resin with the hydroxy group 
of a hydroxy functional tertiary amine (e.g. N,N 
dimethyl ethanoiamlne). Optionally the coating may also 
contain zinc oxide or other pigmentation, depending on 
25 the final application. 

V.,. An ad vantage rof this- p is that It allows * 

considerable flexibility in formulating coating 
compositions with desired solids viscosity 
relationships. Typical examples would be: H5% solids 
30 at a viscosity of 26 sec. Ford No.»l Cup at 25°C, and 
17-1/2% solids at a viscosity of 21 see. Ford No. k 
Cup. 

In the simplest approach to making the amine 
terminated polyether used in the present Invention, a 
35 low molecular weight epoxy resin (e.g. DER343} is 

reacted with Biophenol A in a suitable organic advent. 



20 
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The hydroxy functional tertiary amine is added to the 
resultant epoxy resin and the reaction mixture is held 
at ca lOO^C for about 1 hour. Examples of suitable . 
hydroxy functional tertiary amines are 

N,N dimethylethanolamine (DMEA), N,N diethylethanolaroine 
^„.(DEEA)t 2-d4methylamino-2-methyl-propanol (DMAMP) and . 
trie.tha'nolamine • ^, 

. - During the course of the reaction, the tertiary 

V^ r^^^amine group" the hydroxy functiona^vam^ catalyses 
. >V 'the T(ekctl^h of the hydroxy group with the residual 
10 ^^p<^Xid*<^^ pf /the epoxy resin , acdorjdihg to the 

. reaction scheme below: . > 

V^O^ /^l •nine T 

•posy naia ^ hydroi^ functional ntno tornlnatod 



tartiary udno polyathor 

Where, in the case of DMEA, and are methyl groups 
and Rg is -CHg-CH^- . It must be borne in mind that the 

15 presence of a hydroxy functional solvent (e.g. butanol 
or butyl cellosolve) will reduce the yield of the 
tertiary amine terminating groups by competing with the 
hydroxy 1 groups of the tertiary amine. If significant 
amounts of water are present, the undesirable 

20 . Quaternary amine, hydroxide wll^^ formed . Thus 

preferred results are achieved when the reaction is 
carried out under anhydrous conditions. 

In order to confirm the reaction products 
stated above , we carried out experiments in which » in 

25 order to facilitate analysis, we maximised the number 
of 1,2 epoxide groups available for reaction. 
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EXPERIMENT 1 



REACTION OF DMEA WITH EPOXIDE CROUPS 

Dry propylene oxide., 1^6 .66, and dry DMEA. 224 .9g 
(water content less than 0.05%) were mixed together in 
a round-bottomed flask fitted with a thermometer , a 
stirrer vand a reflux condenser^. The reaction mixture ^^ 
:was heated to .40 C whereupon it-^-^xpther^^^ J^^O; 90 C 
before : the :;temperature b^^ »to f all . ... Excess reactants- 
Were ^dist lulled of f tisihg a rota^ry evaporat'or . Analysis 
of the product by NMR and GPC showed that, despite some 
polymerisation, the reaction product was predominantly 
that shown below: 



EXPERIMENT 2 



REACTION OF DRY DMEA WITH THE 
DIGLYCIDYL ETHER OF BISPHENOL A 

Dry DER331 1lg, and dry DMEA 21 Ig were mixed 
together in a 500 mi r6uhd*ti6ttbme'd''flVsk fitted wi 
condenser /a thermometer, a stirrer and temperature 
controller, heated to 105^C and held at that 
temperature for 1 hour. Excess DMEA was removed from 
the reaction mixture using a rotary evaporator. 
Analysis by NMR showed that a considerable amount of 
the product obtained was due to the reaction of the 
hydroxyl group of DMEA with the epoxide group of 
DER331. Further evidence for the tertiary amine 
terminated product was that it was soluble in water 
only at low pH. 
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EXPERIMENT 3 

REACTION OF DMEA WITH THE DIGLYCIDYL ETHER 

OF BISPHENOL A IN THE PRESENCE OF WATER 

DER331 2.2g, DMEA lO-Tgt water 208g , and 
: : ■ d 28 3g were iblxed together in a round- 

r^y'-/^ fitted with a reflux cohdienser, a: , 

j;^.* "'^^'^tilrrer and a thermometer' '^arid heateM to reflux (106^C). 

.-z ' ^ "^^^^ maihtaihiBd at reflux for- 6 hours 1 The 

product was purified using a rotary evaporator . 
10 Analysis of the product was consistent with it being 
quaternary amine salt. Furthermore, the product was 
water soluble under neutral »acidic and basic 
conditions. 

In the product of this invention the tertiary . 

15 amine terminated polyether is dispersed in water with 
the aid of a carboxylic acid functional polymer. The 
number of carboxylic acid groups in the carboxylic acid 
functional polymer in a given amount of product needs 
to be sufficient to form an effective ionic association 

20 with the amine terminated polyether and for a stable 
dispersion in water to be formed. If the carboxylic 
acid functional polymer is a copolymer of an 
or ..... ethyvlenicaHy -unsaturated acid > such as acrylic acid 6r 
methacrylic acid, and hydrophilic co-monomers such as 

25 2 hydroxy propyl methacrylate , 2 hydroxy ethyl acrylate , 
or acrylamide, then the number of acid groups on the 
carboxylic acid functional polymer in a given amount 
of product may be less than the number of tertiary 
amine groups on the polyether in that same amount of 

30 product. If 9 however, the carboxylic acid functional 
polymer is a copolymer of an ethylenically unsaturated 
acid and more hydrophobic monomers such as styrene or 
butyl acrylate , then a larger proportion of acid groups 
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is required than if hydrophilic co-monomers are used. 

Our experience with this type of system reveals 
that the final viscosity of the coating composition, at 
a given amount of solids, is governed by: 
5 -. i)^ The«. «pacing of the carboxylic acid groups in the 
carboxylic acid function polymer. The. more the acid 
:. 8r9;MP*^r®;, by other oonomers at a giv.en;^^^^^ 

C nHrobei^^ groupsy .the Ipwer the viscosity ^ 

' : ii ) ^he^ lowerVthe Vqp, the lowerr th^- ^r^te:: 

^ yisxjosity i;\ . .y ' >.:V^ \^ ,. {,-?';:>.. O;^- 

. iii) : ;l>he degree of neutralisation of the carboxylic 
acid groups; the lower the degree of neutralisation, 
the lower the viscosity. It is always necessary, 
however, to ensure a suitable degree of neutralisation 
15 to provide a stable dispersion. 

iv) The ratio of carboxylic acid functional polymer 

to the tertiary amine terminated polyether. The higher 
the ratio of carboxylic acid functional polymer, the 
higher the viscosity. 
20 v) The molecular weight of the carboxylic acid 

functional polymer; the higher the molecular weight, 
the higher the viscosity. 

As mentioned above, the role of the solvent can 
be important in determining the properties of the final 

composition If the, <^^^fs^ fyf ^i^XQ:^^ 
association between the polyether and the 
polycarboxyllc acid functional polymer is too great , 
the polymer blend will gell and it will no longer be 
possible to disperse it in water. The degree of ionic 
30 association is controlled by controlling the amine 

value of the polyether; more specifically by minimising 
the number of molecules which have tertiary amine 
groups on both ends. This can be achieved by, in the 
first instance, minimising the number of modified epoxy 
35 resin molecules with 1,2 epoxide groups on each end, 
and In the second instance , by reacting some of these 
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groups with hydroxy functional solvents , such as butyl 
cellosolve or butanol. Obviously, if the amine 
termination reaction is carried out in the presence 
of an hydroxy functional solvent, the extent of amine 
termination would be reduced because the tertiary amine 
would be expected to catalyse the reaction of the 
solvent hydroxyl groups with the epoxide groups of the 
eppxy resin'. 



lEXAMPtE 1 



./ijfo; 'V; - CARBOXYLIC ACID FUNCTIONAL POLYMER ' 

FOR A HIGH SOLIDS COATING ' " 

Wt. (g) 

a a Acrylic acid 584 

a b Styrene 843 

15 a c Benzoyl peroxide 7.0 

b b Butyl cellosolve 1414 

b c Ethyl alcohol 1106 

c c t-butyl perbenzoate 5.4 

c d Toluene 18.4 

d d ^""^ ^ t-butyl perbtsiizotfte ^ v. .5^4 

d e Toluene 18.4 

1. aa, ab and ac were added to a 5-litre five-necked, 
flange-topped round* bottomed flask fitted with a 
condenser, a stirrer and a thermometer , and stirred 

25 until ac had dissolved. 

2. bb and be were then added and the mixture heated to 
reflux temperature (ca^ 96^C) and held at this 
temperature over 1 hour. 
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3.. cc and cd were then premixed , added to the flask 
and held at reflux for 30 minutes, 
dd and de were preroixed , added to the flask and 
held at reflux temperature for 1 hour. 

EXAMPLE 2 ^ 



a a Epikote 8290 519 
(Product of Shell Chemical Co.) 

a b Bisphenol A ^^0 

a c Butyl cellosolve 285 

b b DMEA 53 

b c Butyl cellosolve i07 

c c Polyelectrolyte solution 1182 
(Example 1 ) 

d d DMEA 70 

e e Water ^888 

f f Cymel 303 i»27 



(Product of American Cyanamld Co.) 

1. aa, ab and ac were added to a 5-lltre five-necked, 
flange«-topped , round->bottomed flask fitted with a 
condenser, a stirrer and a thermometer, and mixed well. 
The vessel contents were heated to 170^C over 1 hour; 
the heating was turned off and the exotberm was allowed 
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to take the temperature to reflux (195-200^0. The 
reaction was allowed to proceed until a viscosity of 
at' 25^C was obtained (diluted to 52% solids jLn butyl 
cellosolve), (total cook time was 1.5 hours), after 
which the vessel contents were cooled to 130^C over a 
period of 45 minutes. 

2V bb and be were then premlxed and added slowly to 
' -the- flask with stirring. The vessel contents were 

':\y-'Qd'opleii'-'to. 100**C and held ^at; that temperat^re . f or . 

"^'^'^^^'^^y.^^h^ur About 150g of sdlvent was VembV 

distill under an air stream to remove excess : 

amine . 

3. cc was then added to the vessel and mixed in well. 
A further 736g of solvent was distilled off using 
an air stream. 

4. dd was added and mixed In well. 

5. ee was added and mixed in well. 

6. ff was added and mixed in well for 20 minutes. 

The finished coating composition had 45% 
solids, a VOC of l66g/litre and a viscosity of 26 sec. 
Ford 4 Cup § 25^C. A sample of this coating 
composition was drawn down on aluminium foil and cured 
for 10 minutes at 200^C. The coating exhibited 
excellent film properties . 
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EXAMPLE 3 

WATER BASED CARBOXYLIC ACID FUNCTIONAL POLYMER 



Wt. (g) 

a a - Acrylic acid l^jj 

Acrylamlde -'.•v-- 

a .c ' 'J ■■ Water V".. ' ■^r'"- 32&6 " 

B^b' Potaissium persulphate^- ^ " '^ " 6 

b c Water 120 

1. aa, ab and ac were added to a 5-lltre five-necked, 
flange-topped , round-bottomed flask fitted with a 
condenser, a stirrer and a thermometer, and heated to 
reflux (lOO^C). The heating was then turned off. 

2. bb and be were premixed and added to the flask 
over 2 hours; the heating was then turned on and 
the vessel contents were held at reflux for 1 hour. 
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EXAMPLE <l 

A LOW SOLIDS AND HIGH VISCOSITY 
COATING COMPOSITION BASED ON CARBOXYLIC ACID 



FUNCTIONAL POLYMER OF EXAMPLE 3 

Wt. (g) 

a a : ■ t . Epikote 8920 > : 519 . ; 

a b ' ■ ' . Blsiphenol A ■"' " ? M70- _ -V. 

a c Butyi ceilosolve 285 

b b DMEA 53 

b c Butyl oellosolve 107 

e c Polyelectrolyte solution 1390 
(Example 3) 

d d DMEA 9H 

e e Water 615 

f f Cymel 303 *»27 



The method of preparation was as for Example 2 
except that no solvent was distilled off in Step 3. 

The resulting coating composition had a 
viscosity of 78 sec. Ford Cup No.ll at 25°C when 
adjusted to 17% solids, with water. A sample of this 
coating composition was drawn down on aluminium foil 
and cure^ for 10 minutes at 200^C. The coating 
exhibited excellent film properties. 
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EXAMPLE 5 

CARBOXYLIC ACID FUNCTIONAL POLYMER WITH 
RELATIVELY LOW CONCENTRATION OF ACID GROUPS 

- - Wt. (g) 

a a Methoxy propoxy propanoi iioo 

..i«.a b. - Deionised waiter - t--! - 

^'ii^hP. •^iL,.;^, . .Methyl Ethyl -Ketone '■• Axsipl. .. vv:: . 

• **axwax 6361JLA (N^ Wax-^o . y ' ^ " 

Butyl Aery late 680 
1° c Acrylic acid 

b d Hydroxy propyl methacrylate 210 

e o Benzoyl peroxide i| 5 

Methyl ethyl ketone jjg 

Tertiary butyl perbenzoate i» 
"•5 d e Butyl cellosolve 40 

<1 e Water ^ 

* ® Tertiary butyl perbenzoate l| 

® ^ Butyl cellosolve 50 

e g Water 5 

20 h h H.N-dimethylcthanolamine Ho 

i i Water ,385 

i 3 Butyl cellosolve 223 



aa, ab, ao and ad were added to a 5-litre 
five-necked , flange-topped ,round-bottomed 
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flask fitted with a condenser, a stirrer, 
two dropping funnels and a thermometer- 
temperature controller, and heated to lOO^C 
under a nitrogen blanket. 
5 2. Add bb, be and bd and cc and cd simultaneously 

- " ~r~6ver *2" hours while maintaining the temperature 

at 110**C. . 
■ " ' : 3.' Add dd, de, df and hold at lOO^C for 1 hour. 

:T^(A ^ k\ Add ee , ef and eg and hold at lOO^C for 1 hourV ' 
iS^ ; 5. \Add hh arid mix well. ' ^ - / ^ ' ^ 

i eS Add^li'^irid mix well . Distil off tsncjg of solvent 

:.rifl at temperatures between lOO^C and 120^C. 

7- Add Jj and mix well. 

EXAMPLE 6 

i5i COATING COMPOSITION BASED ON EXAMPLE 5 



Wt. (g) 

a a DER343 (Dow Chemical Co.) 3^1 

a b Bis phenol A 293 

a c Butyl cellosolve 177 

20 b b N,N-dimethylethanolamine 34 

b c Butyl cellosolve 34 

c c . - V Product of Example 5 707 

d d Water 1600 

e e Cymel 303 (Cyanamid Co.) 120 

25 f f Water 207 

g g 2% Phosphoric acid aqueous 82 
solution neutralized with 



N,N-dimethylethanolamine (pH s 7.0) 
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1. aa, ab and ac were added to a 5-lltre five-necked, 
flange-topped , round-bottomed flask fitted with a 
.. eondenser. a stirrer and a thermometer-temperature 
controller, and mixed well. The vessel contents 
were heated to 170®C, the heating was turned 
........ off., and the exothepm-was allowed tt> take the . 

..temperature to reflux (195-200°C)4 Allow reaction 
to cool to 170°C. : < 

i!^:'-- ^9^:^°1^^°C, fi<id bb5>and bcrrmaii^alhihg- the i • 

^^P'P^rature at 105°C f^br 1 hour . n^Dlstil oi'f 
V,.^. S.'J^g. of. -solvent -'-S./'r'. n 
• 3r ..A^d cc, and mix well at 70°C' over 30 minutes. 
1. Add dd slowly with good mixing. Cool to 50**C. 

5. Add ee and mix well. 

6. Add to adjust viscosity; mix well. 

7. Add gg and mix until ariy precipitate redisperses. 

The resulting coating composition had a 
viscosity of 50 sec. Ford Cup No. It at 25**C at 38% 
solids. 

EXAMPLE 7 

PREPARATION OP AMINE TERMINATED POLYETHER 
FOR USE IN EXAMPLES 8 AND 9 



a a DER3*»3 68l 

a b Bisphenol A 586 

a c Butyl cellosolve 



b b DMEA 



355 



67 



•> e Butyl cellosolve 67 

1. aa, ab and ac were mixed in a 2-litre flask fitted 
with a condenser, a thermometer-temperature 
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controller, and a stirrer, heated to 170^C and 
the heating turned off. The exotherm was allowed 
to take the temperature to 200^C. When the 
temperature decreased to 170^C, the reaction 
5 was cooled to 130®C. 

— •-'2-.--' 'bb'-»nd- be- were -premixed and ad<led- to -tjie reaction - — - - -^ — ^ - 
. mixture. The temperature was maintained at 105^C . . 

;f or T hour, after which 67s of solvent was distilled-. 

...V . .'v...-^ .dff • . -b-:,...^ • 7 . ' '-^ . • -.b^'..., ".v. 

:! ;U^;,1(>i^:^ V The foil owl ng^t wo examples demonstrate a method ^ i^u: - 

carboxylic acid functibhal 'polymer^ in ' v 

: •: : amine terminated polyether* t- ' . 

EXAMPLE 8 

USING LOW ACID VALUE CARBOXYLIC ACID 
15 FUHCTIONAL POLYMER 

wt> (g) 



a a Amine terminated polyether 608 
(Example 7) 

a b Butanol 500 

20 a c Paxwax 6364LA 20 

. b Butyl acrylate ^ . . ^....v. ,3^^ . 

b c Styrene 158 

b d Acrylic Acid 220 

b e Hydroxy propyl methacrylate 354 

25 c c Benzoyl peroxide 8 

c e Toluene 80 

d d Tertiary butyl perbenzoate 2 

d e Butanol 20 



- 17 - 

(EXAMPLE 8 Cont »d . . ) 



0184467 



e e Tertiary butyl perbenzoate 6 

e f Butanol 20 

,5-.. J!.X ........... — Tertiary butyl ...perhAnzoate, . ...^ ^ . 

r g Butanol 20 . 

6 8 V5 Dimethylethanolamine -r - 136 

. -t:^^5nc,r'i^^-*^^'?^^^ ' '-^ ^^.-.■.•4QQ ^^-^^un-'- 
h,h . ^,J(/ater . : -ft002^ 

10 i i Cymel 303 212 

3 J ^ : r^ater. l»600 ; 

1 . aa , ab and ac were mixed in a 5-litre flask fitted 
with a thermometer-temperature controller , 
a condenser, a stirrer and 2 droppers. The mixture 
15 was heated to lOO^C. 

2. bb, be, bd and be; cc and ce were premixed, and 
slowly added into the flask over 2 hours at 
controlled temperature of lOO^C. The temperature 
was maintained at lOO^C for 1 hour. 
20 3. dd and de were premixed and added and reaction was 
maintained at IIO^C over 15 mins. 
^. ee and ef were premixed and added, and the reaction 
was kept at 120^C over 1 hour. 
25 5. ff and fg were premixed and added, cooked at 120**C 
over 6 hours and then cooled to 90^C. 

Dispersion procedure ; 



6. gg was added with constant stirring. 

7. hh was slowly added while mixing well. 
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8. ii was then added with stirring. 

9. Jj was added with stirring. 

The above coating composition was diluted to 
17.5% solids and was found to have a viscosity of 16 
5 ^' "secV Ford Clip Nb.'i at"^25^cr The^^ 

irtto 2£-plbce- aiuminium cans using a Nordson iaboratory 
spray machine % exhibited excellent coverage at both 
caL 100 mg and cia 180 mg per can. ^' ^* 

' " EXAMPLE 9 

10 USING HIGH ACID VALUE CARBOXYLIC ACID 
FUNCTIONAL POLYMER ' 

■ "^^^'^ Wt, (g) 



a a Amine terminated polyether 

(Example 7) 659 

15 a b Methoxy propoxy propanol 400 

a c Paxwax 636ULA 20 

b b Acrylic acid 169 

b c Styrene 242 

. c c Benzoyl peroxide 4 

20 o d Toluene 40 

d d Tertiary butyl perbenzoate 2 

d e Methoxy propoxy propanol 20 



e e 
e f 



Tertiary butyl perbenzoate 
Methoxy propoxy propanol 



2 

20 



• 19 
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1. aa , ab and ac were mixed in a 2-*litre flask fitted 
with a thermometer-temperature controller » 

a condenser, a stirrer and 2 dropping funnels. The 
mixture was heated to lOO^C. 

2. bb and be were premixed , and cc and cd were 
premixed . The two premixes were separately added 
over 1 hour 15 mins. at lOO^C, The temperature ^ 

: then, was Increased to 120°C and -maintained at 
. tihat temperature over 5 mins. ::' h-'^:r 

3 -o^ dd;and}.^^^ were premixed and added. ^ the -readtidn ^ ' ' 
t ,vr ^:W^s.:m^i>ntained for 1 hour 15 mihs I' during which 
: , itime the exotherin was allowed to take the 
temperature to 150^C. 

ee and ef were premixed and added into the flask. 
The reaction was maintained at 120°C for 
.1 hour 15 mins. I^Og of organic solvent was 
distilled to eliminate residual monomer. 

The reaction product was dispersed in water iii the 
same way as for Example 8 . 

The resulting coating composition had a 
viscosity of UO sec. Ford Cup No. 4 at 25^C at 
29.4% solids. 

The following four Examples demonstrate the use 
of hydroxy functional tertiary amines other than DMEA. 

EXAMPLE 10 

PREPARATION OF COATING COMPOSITION BASED ON 
AMINE TERMINATED POLYETHER USING 
N,N>DIETHYLETHANOLAMINE (DEEA) 

Wt. (g) 



a a 
a b 
a c 



DER343 
Bisphenol A 
Butyl cellosolve 



213 
182 
111 
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(Example 10 cont'd...) 



b b DEEA 

*> c Butyl cellosolve 



4 



27.6 - 
27.6 



■' c e '■^ 



Carbokylic^ acid functionar ' " *l.68 
polymer (fijc^imple'" sy---' ^'^ ••'■'*' 



■S'-'d . "j.::;..: ■■■ -..Water'' 



777 



aa, ab and ac were mixed In a 2-litre flask fitted 
with a thermometer-temperature controller, a 
condenser, a stirrer, and heated to 170**C, at 
which temperature the heiting was turned off. The 
exotherm was allowed to take the temperature to 
195 C. The temperature was allowed to drop 
to 170°C and reaction then cooled to 130®C. 
bb and be were premixed and added. Reaction was 
held at 105°C over 1 hour, after which 51g of 
organic solvent was distilled off to remove the 
residual DEEA. 

cc was then added and mixed in well over 30 mina 
at 70**C. 

dd was then slowly added while maintaining constant 
stirring. 



The resulting coating composition exhibited 
excellent stability and had a viscosity of 31 sec. 
Ford Cup No. i» at 42% solids at 25**C. 



- 21 - 0184467 

EXAMPLE n 

PREPARATION OF AMINE TERMINATED POLYETHER 

USING 2-DIMETHYLAMIN0-2-METHYL0L PROPANOL (DMAMP) 

The method of preparation was the. same as for 
EXAMPLE 10 except that ingredient bb was DMAMP. 

The resulting coating composition had excellent 
stability and a viscosity of 23 sec> Ford Cup- No. 4 it 
37% solids ind 25^C-^^" ; . ' 

EXAMPLE 12 ' . 

PREPARATION OF AMINE TERMINATED POLYETHER 
USING DIMETHYL ISOPROPAWOLAMINE (DMPA) 

The method of preparation was the same as for 
EXAMPLE 10 except that ingredient bb was DMPA. 

The resulting coating composition had excellent 
stability and a viscosity of 24 sec. Ford No. 4 Cup at 
34% solids at 



EXAMPLE 13 

AQUEOUS DISPERSION BASED ON TRIETHANOLAMINE 
TERMINATED POLYETHER * . 



The method of preparation was the same as for 
EXAMPLE 10 except that Ingredient bb was 
triethanolamine • 

The resulting coating composition had excellent 
stability and a viscosity of 32 sec. Ford No. 4 Cup at 
34.8% solids at 25^C. 

The following Examples demonstrate that 
modified epoxy resins with a wide range of epoxy 
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equivalent weights , can be successfully amine 
terminated and dispersed in water using the invention 
herein disclosed. 

EXAMPLES ^^ to 20 

5 PART 1; MODIFICATION OF THE EPOXY RESIW 

' : 1- r^^\rln^ each; of these Samples , tHe aip^prbpjri^ate mo 
\ 1) of Bldphenol A and DERB'iS, to a 

., ;:.- ,, ^'.tbtai weight of 803g , were mixed with l62g of butyl 

cellosoive , iin a 2-litre flange-topped , round-bottomed 
10 flask, fitted with a condenser, a stirrer and a 

temperature probe which was connected to a temperature 
controller. The components were mixed continuously 
while heating to 170^C over 1 hour, after which the 
heating was turned off and the exotherm allowed to take 
. the temperature to reflux (195 - 200^0 . The reaction 
was allowed to cool to lOO^C and samples were taken for 
epoxy equivalent weight determination. 

PART 2; AMINE TERMINATION 

After the samples were taken a mixture of DMEA 
20 and butyl cellosoive was added to the vessel and the 
temperature maintained at lOO^C for 1 hour. The 
mixtures used were as follows: 



DMEA (g) Butyl Cellosoive (g) 

EXAMPLE 10 190 98 

25 EXAMPLE 11 190 H9 

EXAMPLE 12 98 98 

EXAMPLES 14 TO 19 49 49 
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The reaction mixture was then distilled for 
1 hour under a stream of nitrogen to remove excess 
DMEA. 



PART 3: DISPERSION 

\5 ; 2p0gt of the product of Part 2 was in each case^^ 

> ; . V m with 178g of carboxylic acid 

v.: . : *it^i(!^ polymer fo**-1 hour at a temper^iire ©^f 70^Cv^^^ 

- J> VTh^et*^ casie water , 450g, was s?tlrred><a:m6^'*he • ' 

..v^reac^ic^ and a untform dispferslon^ obtained / ' 



10 TSELE 1 

IE3ULIS CN BWflES 10 TO 12 jaP V\ TO 19 





iSMMPLEND. 


10 


11 


12 


11« 


15 16 


17 


18 19 




M3l£SGf BjsitemL A 


05 


0^7 


0.82 


0.93 


1 ISA 


1.22 


1.5 2 JO 




ftr each male cf 
















15 


EHQMB 


















EpoKy equi\alen(t wt. 


500 


880 


1900 


30GO 


4000 6000 


80QO 


10000 aBooo 




cf imrlififfl qpcoy 


















resin 


















QQojQatBd mnflnailflr 


TOCD 




3X0 


SOQO 


1000 3SD 


2000 


■>:•- r.ft V,-. V -.: , 

lino 1000 


20 


wt. cf modified 
cpov resin 


















VisQCBity Gf firBl 


>3ff) 


88 


119 


as 


15 20 


19 


18 18 



aqi.Bai9 dispo^sicn 
see. Fcrd Qp HoM 
25 at^ 



MaaredaoHfte 32.9 32.8 35-3 32.9 33.1 y>.1 3*3 3^.3 33.5 
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EXAMPLE 20 

PREPARATION OF AMINE TERMINATED POLYETHER 

- FROM MODIFIED EP.OXY RESIN HAVING VERY 

I > . HIGR EPOXIDE EQUIVALENT WEIGHT 

•^^••vv 5 ^ .V ^ Wt. (g) . 

;^^y^^ - B a^^ -:^yr DER343 \ . . ; ; ./'SOO 

• a b f; Bisphenol A ' ! • ' 12S9 

a c Butyl cellosoive 782 

b b DMEA 11*8 

10 b c Butyl cellosoive ^ _ , . I^IS 

CO Carboxylic acid functional 3390 

polymer (Example 5) 

d d Water 670H 

1 • aa , ab and ac were mixed In a flask fitted with a 
15 . condenser, a thermometer-temperature controller, 
and a stirrer. The mixture was heated to 170°C, 
and the heating turned off. The exotherm was 
allowed to take the temperature up to 190^C 
(reflux temp.), after which the reaction was 
20 kept at reflux temperature for 5 hours. After this 

time the modified epoxy resin was found to have 
epoxy equivalent weight of 65000. The mixture was 
then cooled to 130^C. 
2. bb and be were premixed , then added into the flask; 
25 reaction was maintained at 105^C over 1 hour, 

after which 148g of organic solvent was distilled 
off. 
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3> ce. was then added and mixed in well. The above 

resin blend was dispersed into water by adding dd slowly 
with constant stirring. The viscosity of the paint 
was 126 sec. Ford Cup No. 1 at 37% solids at 25®C. 

EXAMPLE 21 



) DISPERSION OF TITANIUM DIOXIDE INTO COATING 

a a ;. ^^.Coating composition of Example 10 V\ 1026 
a b Titanium Dioxide 214 

b b Butanol 20 

c c Water 20 

1. aa and ab were ground for 30 minutes in a speed 
mill and a grind of less than 6 microns obtained. 

2. bb was added to eliminate foam and cc to adjust 
viscosity. 

The pigmented coating composition had good 
stability and a viscosity of 28 sec. Ford No. 4 Cup at 
50% solids and 25^C. 
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EXAMPLE 22 

DISPERSION OP A POLYMER BLEND CONTAINING 
. A HIGH LEVEL.^ OF AMINE TERMINATED POLYETHER 

Wt-v (g) ; 

^ a a r * Amine teriniriated polyether 213.2 
(Example* 7) , 

b b Carboxylic acid functional I 9.20 

polymer 

c c DMEA 0.88 

10 cl d Water 154 

1 . The carboxylic acid functional polymer used 
was prepared as follows. S'lOg acrylic acid, 
767g styrene, 11g benzoyl peroxide and 3055g 
butyl cellosolve were added to a 5-litre 

15 five-necked, flange«-topped , round-bottomed flask 

fitted with a condenser, a stirrer and a 
thermometer, stirred until ac had dissolved, 
^nd heated to SO^C. The heating was then 
turned off, the exotherm was allowed to take 

20 temperature to reflux after which the 

temperature started to drop. When the temperature 
had dropped to 130^C, the heating was turned on 
and 273g solvent distilled off. The resulting 
polyelectrolyte had an NVM of 35%. When a sample 

25 was diluted with an equal weight of butyl 

cellosolve , it had a Gardner-Holdt viscosity of W 
at 25*^C. 

2. aa and bb were mixed well in a 750 ml flask at 70^C. 
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3. cc was added with constant stirring. 

4. dd was added over 30 mins. 

The dispersion was stable and had a viscosity 
of 180 sec. Ford Cup No. 4 at 25^C at *»6% solids. 
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CLAIMS 

An aqueous dispersion of a tertiary amine 
terminated polyether and a carboxylic acid functional 
,poJLymer wherein the tertiary amine termi^nated polyether 
lis the product of the reaction of the epoxy group of an 
epoxy resin with the hydroxy group of a hydroxy 
'fuhotional tertiary amine and the carboxylic acid 
f%nctibhal: polymer is present in an amount- sufficient 
to* 'render the combination water dispersible. 

Ah' aqueous dispersion according to claim 1 in 
which the amine terminated polyether is formed from a 
Bisphenpl A type epoxy resin. 

An aqueous dispersion according to claim 2 
iW'Which the molecular weight of the Bisphenol A 
type epoxy resin is increased by further reaction with 
Bisphenol A. 

An aqueous dispersion according to any of the 
preceding claims in which the epoxy equivalent weight 
of the epoxy resin is greater than 5000. 

An aqueous dispersion according to any of the 
previous claims in which the hydroxy functional 
tertiary amine is a mono hydroxy tertiary amine. 

An aqueous dispersion according to any of the 
previous claims in which the hydroxy functional 
tertiary amine is N,N-dimethylethanolamlne (bMEA). 

An aqueous dispersion according to claim 1 In 
which the hydroxy functional tertiary amine Is 
trlethanolamlne . 

An aqueous dispersion according to any of the 
previous claims in which the carboxylic acid functional 
polymer is a polymer containing acrylic and/or 
methacrylic acid anditor crotonic acid. 
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An aqueous dispersion according to any of the 
previous, claims in which the carboxylic acid functional 
polymer is a copolymer containing hydrophobic monomers 
such as styrene, butyl acrylate. ethyl acrylate , methyl 
methacrylate and butyl methacrylate. 

_ aqueous dispersion according to. any of the 

'previous claims in which the carboxylic acid functional 

polymer is a copolymer containing hydrpphillc monomers 

-^y?!*;^- ®^^yl acrylate and hydrpxy propyl 

^ methacryla^^^ , ■■',::.j.S-k --c.:^ ^y. ■' ■ 

HicjL;: M *^. f^Hf **"® dispersion, according^ to any pf . the . c . 

?f in which the.,. carboxyiic:!^3acld , functional . 

polymer contains acrylamide. 

An aqueous dispersion according to any of the 

previous claims in which the carboxylic acid functional 

P9}y^^^ is. polymerised separately^ ^.i^om the amine . 

terminated polyether, and later mixed with said 

polyether . 

An aqueous dispersion according to any of the 
previous claims in which the carboxylic acid functional 
polymer is polymerised in the presence of the amine 
terminated polyether. 

A process for producing an aqueous dispersion 
of a tertiary amine terminated polyether and a 
carboxylic acid functional polymer which comprises: 

a) reacting the epoxide groups of an epoxy 
resin with a hydroxy functional tertiary amine to form 
a tertiary amine terminated polyether, and 

b) dispersing the tertiary amine terminated 
polyether in water with the aid of a carboxylic acid 
functional polymer In an amount sufficient to render 
the combination dlsperslble. 

A process as claimed In claim IH, wherein the 
tertiary amine terminated polyether is formed under 
substantially anhydrous reaction conditions. 
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V A process as claimed in claim 1^, wherein the 
carboxylic acid functional polymer is dissolved in 
water prior to being used to disperse the tertiary 
'amine terminated polyetheri 

A coating cbmposition comprising 
dispersion of: any of claims 1 to 13. 
,>;: , V; k;;-: :A;i coating compositi'6^n com^prising /al stable 
d^^persion in water of: ' 'Y-^**;., " 

. .7 ? ii) ::a t tertiary amine fieriiiiinatedj pblyeth^ ^^i^h ^ 
is in ionic association with 

ii) a polymer derived, at least in part, from 
carboxylic acid functional monomers, and 
ill) a crossllnking agent. 

A coating composition as claimed in claim 18, 
formulated for use in the lining of metal containers 
for food and beverages. 
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CLAIMS 

V. A process for producing an aqueous dispersion of 

a tertiary amine terminated polyether and a carboxylic 
acid functional polymer which comprises: 
a) reacting the epoxide groups of an epoxy resin 

with a hydroxy functional tertiary amine to form a 
; tertiary amine terminated polyiether , and 

vb)^:: V vVJd tertiary amine terminated 

■/ poiyetHer; in water with the aid of ; a carb acid 
\vtV /c ^ functional, ppi in \!an:^amount siitfit^l^hi to render 

^ ^ the 'combination dispersible. ' ^ t i ' - . , 

2. A process according to claim 1 in 

which the amine terminated polyether is formed from a 
. Bisphenol A type epoxy resin. 
3- A process according to claim 2 

in which the molecular weight of the Bisphenol A 
type epoxy resin is increased by further reaction with 
Bisphenol A. ^ 
^« A process according to any of the 

preceding claims in which the epoxy equivalent weight 
of the epoxy resin is greater than 5000. 
5» A process according to any of the 

previous claims in which the hydroxy functional 
tertiary amine is a mono hydroxy tertiary amine. 

6. A process according to any of the 

^ • " previous claims In which Vhe hydroxy^' f line tlb - 
tertiary amine is NyN-dlmethylethanolamlne (DMEA). 

7. A process according to claim 1 in 
which the hydroxy functional tertiary amine is 
trlethanolamine . 

8. A process according'^ to any of the 

previous claims in which the carboxylic acid functional 
polymer is a polymer containing acrylic and /or 
methacryllc acid and /or crotonlc acid. 
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9- A process according to any of the 

previous claims in which the carboxylic acid functional 
■ \ polymer is a copolymer containing" hydrophobic monomers 
V :t such as styrene, .butyl acrylate, ethyl acrylate ...methyl 

^ v-^"^ i : metvbacrylate^arid butyl methacrylate. ^ . . 
l^.-H . •^V.'^'O?- ^- \ . A/piPP9es.s,.a . to anjr'^qf* -the ..^/ '-zv;- • 

• ' : preylouis^ P:la^ ;carboxylic; aci^ ^un^:^tiQnal: 

■ ? y containing liydrppHl 

, r : such as hydroxy ethyl acrylate and hydroxy propyl 

methacrylate . 
11 • A process according to any of the 

previous claims in which the carboxylic acid functional 
polymer contains acrylamlde. 

12. A process according to any of the 

previous claims in which the carboxylic acid functional 
polymer is polymerised separately from the amine 
terminated polyether, and later mixed with said 
polyether. 

13. A process according to any of the 

previous claims in which the carboxylic acid functional 
polymer is polymerised in the presence of the amine 
terminated polyether. 
- ^>*srr . 14:. - ' A. -A .-process according to any of the previous 

claims, wherein the tertiary amine terminated polyether 
is formed under substantially anhydrous reaction 
conditions. 

15. A process according to any of the previous 

claims, wherein the carboxylic acid functional polymer 
is dissolved in water prior to being used to disperse 
the tertiary amine terminated polyether. 
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A process for preparing a coating composition 
which comprisies forming a stable dispersion in water of 

i) a tertiary amine terminated polyether which 
is in ionic association with 

ii) a polymer derived , at least in part, from 
carboxylic acid functional monomerSyand 
- ill) a crosslinklng agent. 
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